6™ Asia-Pacific Conference on Plasma Physics, 9-14 Oct, 2022, Remote e-conference

AAPPS

DPPN

Fractality and cumulative entropy of a magnetized plasma driven by fractional

Brownian motion
V. Fernandez', V. Mufioz!, G. Nigro? and V. Carbone?
' Departamento de Fisica, Facultad de Ciencias, Universidad de Chile, Santiago, Chile
2 Dipartimento di Fisica, Universita della Calabria, CS, Italy
e-mail (speaker): victor.fernandez.g@ug.uchile.cl

Shannon entropy of a probability distribution can be
estimated directly by knowing the probabilities p; of
each state i. In the case of real time series, p; can be
derived from a binning of the possible values, a strategy
that can give a bad estimate of S if the number of
intervals is not properly chosen. To overcome this issue,
Di Crescenzo et al. proposed an entropy based on the
cumulative probability distribution (CDF), defined as

CE=—fF(x)lnF(x)dx,

where F(x) is the CDF of a random variable x. Recently
[3,4], the fractality of a magnetohydrodynamic
turbulence shell model has been studied. In particular,
the GOY-type shell model described by the evolution
equations for the velocity u,, (t) and magnetic field b, (t)
fluctuations

un = _Vkrzlun + ikn{(un+1un+2 - bn+1bn+2)
_(un—lun+1 - bn—lbn+1)/4'

. _(un—zun—l - bn—an—l)/S}* + fn ’

bn = _nkrzlbn + ikn{(un+1bn+2 - bn+1un+2)
+(un—1bn+1 - bn—lun+1)
+(un—2bn—1 - bn—Zun—l)}*/f) +9n-

corresponding to the eddy’s scale of length I~k;!. The
cumulative entropy of the dissipated magnetic energy b
is calculated to analyze the behavior of the system
regarding its intrinsic non-linearity. To solve the model,
we only need to specify the values of the kinematic
viscosity v, resistivity p and number of shells. In this
case, we consider v =7 = 10"* and N = 19 shells and
integrate numerically the evolution equations. In Ref. [4],
the forcing terms for the velocity and the magnetic field,
fn and g,,, were obtained from solar wind velocity and
magnetic field data, representing the evolution of the
Earth’s magnetosphere under various levels of
intermittency of solar wind forcing (as measured by its
fractal dimension). Here, to systematically study this
issue, the forcing is given by a fractional Brownian
motion time series with various Hurst exponents. Thus,
we investigate the possible correlations between the
cumulative entropy of the dissipated magnetic energy
time series driven by the fractal time series.
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Figure 1. Cumulative entropy of a magnetized
plasma forced with Hurst parameter H = 0.04
(top) and H =0.16 (bottom) compared with its
dissipative magnetic energy.

A correlation between the cumulative entropy and the
dissipative activity of the system can be observed in the
preliminary results. Furthermore, a sensitivity to fractal
forcing induced by time series with different Hurst
parameters is suggested.
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